the human population. Because the behavioral effects of subclinical lead intoxication may be serious (11), the identification of such lead-exposed individuals, especially in the pre-school group, becomes increasingly important. Blanks containing all components except substrate were low enough to justify our use of a reagent blank composed of equal volumes of water and Ehrlich's reagent.
Methods and Materials
The glutathione, buffer/aminolevulinic acid, and Ehrlich's reagents were prepared freshly each day. The pH of glutathione and buffer/aminolevulinic acid reagents were monitored and recorded for each experiment.
Units of ALAD activity were expressed as micromoles of porphobilinogen (PBG) generated per milliliter of whole blood per hour:
L\0.lml!
JL2Oh m11 h where 6.1 X 10 liter mo11 cm is the molar absorptivity for the reaction product with modified Ehrlich's reagent, 0.002 liter is the volume of the colored product of the Ehrlich's reaction, the factor 2 corrects for aliquoting 1 ml of the 2 ml of protein-free supernate, and 60/20 is the time correction factor for 20-mm incubations. This simplifies to: units = A5 X 1.967 for 20-mm incubation, or units = A555 X 3.934 for 10-mm incubation. and perchioric acid (1.9 mol/liter). Measurements of pHwere madeat 25 #{176}C; incubations wereat 50#{176}C for 10 mm. Upper curve, with activators; lower curve, without activators. Buffer pH was 6.7 rather than 6.5 and resulted in a lower-than-usual activation removed by washing cells three times with isotonic saline (NaCl, 0.15 mol/liter). The original volume of these samples was restored by adding the appropriate amount of isotonic saline, and the samples were then treated as if they were whole blood.
Results
Optima and kinetic data for routine use were determined for erythrocyte ALAD, with use of fresh hemolysates ( Figures 1,2 ) prepared by adding whole blood to a dilute solution of the non-ionic detergent Triton X-100 and agitating. Lysis was immediate, and we saw no effect of Triton X-100 on ALAD activity when results of this method were compared to those obtained by the freeze-thaw method.
pH. protein that showed little evidence of denaturation, with or without activators, during 30 mm of incubation at 50 #{176}C (Figure id) . At this temperature, the reaction rate is nearly threefold that at 37 #{176}C and incubation time is correspondingly shorter. Accordingly, we used 50#{176}C as the routine incubation temperature. Substrate.
ALAD activity was found to be proportional to amount of whole blood added in the range on activity. The points of the doublereciprocal plot were connected by a linear-regression line. From these data the apparent Km was calculated to be 7.14 X 10 mol/liter and Vmax was 1.604 units.
Both values pertain to nonactivated
ALAD. An aminolevulinic acid concentration of 5 mmol/liter was judged to be adequate to saturate the enzyme and was adopted for use in the standard assay.
Activators.
Reduced glutathione was found to activate maximally at 50-60 mmol/liter (Figure 2b) (Figure 2c ). Color development is slower than with use of unmodified Ehrlich's reagent, but the color also fades less rapidly. This is advantageous when more than a few samples are being assayed. Mercuric ion was found to be more effective than cupric ion for the removal of excess glutathione. Heavy-metal ions are necessary at this step because sulfhydryl groups interfere with color development (16).
Heavy-metal concentrations, EDTA.
Dependence of ALAD activity on blood lead concentration in a Figure 3b . The inhibition by lead was reversed and the enzyme was further activated to its fullest extent. The logarithm of the ratio of activated to nonactivated ALAD activity was found to be strictly proportional to blood lead concentration (r = +0.992). Other heavy metals were screened for effects on human erythrocyte ALAD activity in vitro. Ca2, Cd2, lead-free tubes was tested in the following way. Blood was drawn from lead-exposed steel worker volunteers into such tubes and divided into two lots. The first lot was assayed for ALAD activity and lead content. In this instance, the logarithm of the enzyme activity ratio and lead concentration were essentially uncorrelated (r = +0.104). Erythrocytes in the second lot were separated from plasma, washed three times in isotonic saline, and assayed as above. As shown in Figure   6a , the correlation between blood lead concentrations and the natural logarithm of ALAD activity ratios was greatly improved (r = +0.752), indicating that a factor in the plasma had been partly removed or neutralized by the washing procedure. Pb concentration us. enzyme activity in actual samples.
The proportionality between blood lead concentration and erythrocyte ALAD activity was tested in lead-exposed individuals by using blood from volunteers who were members of a pistol and rifle club.
These individuals were regularly exposed to lead dust in an indoor shooting range, and some were further exposed while casting home-made bullets from molten lead. Blood lead concentrations and values for the expression ln (activated A555/nonactivated A555) ALAD activity were highly correlated (r = +0.970), as shown in Figure Gb Precision. The precision of the method was measured by assaying 10 replicates of a blood sample drawn from an unexposed individual. Using the slope of the curve from Figure 6b , the range of y values for Pb2 corresponds to ±5 ig/dl ±3.0 tg/dl (2 SD). Table 2 presents a statistical analysis of the results of this experiment.
We devised a test to locate the source of these variations. A 12-fold normal volume of reaction mixture was incubated for 10 mm at 50 #{176}C. The solution was then divided into 1-mi portions, deproteinized, and porphobilinogen assayed colorimetrically in the usual way. These data showed much less scatter (CV = 1.842%) and pointed to a step prior to deproteinization as the major source of variation. Pipetting of whole blood was considered a possible source of these variations. We found that while the precision of the method was improved by using a hemolysate in place of whole blood in the standard test, the amount of improvement did not warrant the introduction of an additional step in a procedure designed for rapid completion.
Genetic contributions.
Because large differences would affect the reliability of the test, we attempted to assess the importance of genetic variations in ALAD activity among individuals not exposed to lead. Volunteers were selected from both sexes and represented both Caucasian and Negro races. The result of the tests are given in Table 3 . They show that genetic differences generated no more than a twofold variation in ALAD activity, whether activated or nonactivated, and very small variations in the factor in (activated A555/nonactivated A555). The variability in the logarithm of the activity ratio may be ascribed to precision error and to small differences in the blood lead concentrations of these individuals.
The uniformity in the logarithm of the activity ratio is further surprising considering that the data collected in Table 3 were obtained on three separate groups of volunteers at intervals of several weeks. Although a more extensive search for ALAD variants in the human population is needed, we tentatively conclude on the basis of these data that genetic makeup is not likely to be a problem in this method of performing the ALAD test. Increasing the amount of blood in the assay should extend the useful range of the test to a blood lead concentration of about 140 ig/dl. Because blood samples containing very high concentrations of lead were not available, we could not test this possibility.
An experienced technician can complete the test on two or three samples in 1 h. With use of pre-weighed reagents we believe that an inexperienced worker would complete the test in about the same length of time. The test is, therefore, rapid enough for use in determining undue lead exposure on an emergency basis.
For convenience, we used a minimum of 0.5 ml of whole blood. However, blood-sample volume may be scaled down to 0.2 ml with no loss of accuracy and little loss in precision, a quantity small enough to be collected in heparmnized micropipets.
One author has devised a method requiring 5 zl of blood in each reaction mixture (4).
Discussion
The accuracy of the method described here may be estimated from the data shown in Figures 3 here is higher than that reported by other workers using a similar method. Granick et a!. (4) obtained a correlation coefficient of 0.80 as compared to 0.97 reported here. The reasons for this difference may be ascribed to more rapid high-temperature estimations and to our use of zinc ions as well as a mercaptan to activate the enzyme.
